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THURSDAY, AUGUST 13, 1896. 


TABLES FOR NAVIGATORS. 

Azimuth Tables-for the Higher Declinations (limits of 
decimation 24° to 30°, both inclusive') between the 
parallels of latitude o° and 60”, with Examples in the 
use of the Tables in English and French. By H. B. 
Goodwin, Naval Instructor, Royal Navy. Pp. xii + 
74. (London : Longmans, Green, and Co., 1896.) 

A LEADING feature of present-day methods of 
navigation is the use of tables. There is scarcely 
any method in use in navigation for which one, and 
probably many, tables, of more or less practical utility, 
are not provided ; and it would almost appear in some 
cases as though new methods had been proposed because 
tables could be prepared to use in connection with them, 
rather than because they were of real practical use. 
Some tables, such as those for “reduction to the 
meridian,” may almost be regarded as luxuries, as they 
really save but little time and labour; though, on account 
of the easy adaptation of the formulae to different forms 
of tabular computation, the number of them is large. 
On the other hand, there are tables which are really 
indispensable. 

Of this latter class azimuth tables are a prominent 
type. 

The object of the first of these azimuth tables, by 
Burdwood, published about a quarter of a century ago, 
was, to judge from the preface, merely to facilitate the 
calculation of compass error. Its publication, however, 
and that of its extension by Davis, may be said to have 
effected a revolution in the art of navigation, as Sumner’s 
method, now so extensively used, was thereby rendered 
practically useful. 

This method, of which the principle had been before 
recognised, was proposed by Captain Thomas Sumner, 
of Boston, in the year 1837. It enabled the navigator to 
determine both his latitude and longitude at any time, 
instead of being restricted to observations of the heavenly 
bodies, when near the prime vertical, for longitude ; and 
when on or near the meridian, for latitude ; observations 
for determining the latitude, in other cases, depending on 
a long process known as the “double altitude.” 

The principle of this method, as to which Lord Kelvin 
has remarked that every other method of navigation 
might be abolished so long as it was retained, is, that 
when the altitude of a heavenly body is observed, the 
observer must be situated somewhere on that small circle 
on the earth’s surface which has the heavenly body as its 
pole. Another observation of the same body, when its 
azimuth has sufficiently changed, or of another body, at 
the same time, with an azimuth differing considerably 
from that of the first, places the observer, similarly, on 
another small circle. His actual position must therefore 
be at one of the two points of intersection of these circles ; 
and, as these points are usually a long distance apart, his 
position, known approximately, will decide the question. 

These circles, when transferred to a Mercator’s chart, 
form regular curves, and the chords joining any two 
points on these curves within a few miles of each other, 
or the tangents to the curves through any points on them, 
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such chords or tangents practically coinciding with the 
arcs, are called “ lines of position.” The intersection of 
two such “lines of position” fixes the position of the ship 
on the chart. 

For the chord method the calculation of four longitudes 
would be necessary, i.e. two longitudes obtained from 
each of the altitudes with two assumed latitudes in the 
neighbourhood of the latitude by account; or else two 
longitudes and two latitudes when the heavenly body was 
near the meridian at the second observation. For the 
tangent method would be required two longitudes, or a 
longitude and a latitude, and two azimuths, as from the 
conditions of the problem, the tangent “ line of position ” 
must be at right angles to the heavenly body’s azimuth. 

Thus Sumner’s method, though useful, was long and 
tedious, Captain Sumner himself remarking that the 
calculations would be much shortened and simplified it 
some ready means could be found of obtaining the 
azimuth of the body observed. This ready means is 
provided by Burdwood and Davis’ tables. The longitude 
is calculated with the latitude by account ; the azimuth 
taken from the tables, and the “ position line ” drawn 
through the position obtained. A second line is similarly 
drawn, the latitude being calculated, by reduction to the 
meridian, with the longitude by account, when the body 
observed is near the meridian, and the intersection ot 
these two lines fixes the position of the ship. 

Thus the cumbrous chord method is done away 
with, the tangent method is shortened and simplified. 
“ Summer,” therefore, almost deserves the character 
given to it by Lord Kelvin, especially as it is very usefu 
in high latitudes, in the winter months, during which the 
sun, when it does appear, is never very near the prime 
vertical, and the longitude obtained from observation ot 
it is not so trustworthy. 

Burdwood and Davis’ azimuth tables give the true 
bearing or azimuth of any heavenly body whose declina¬ 
tion lies between o° and 23 0 north or south, for limits of 
latitude o° to 6o° north or south, for every four 
minutes of apparent time (in the case of the sun) or of 
hour angle (in the case of any other body). They are, 
therefore, most useful for obtaining the azimuth of any 
such body for compass error or line of position. 

But the great increase in the speed of modern steam¬ 
ships necessitates more frequent observations in order to 
obtain the position of the ship. The correct position at 
noon each day was almost all that was required in the 
days of sailing ships and ships of low steam power. 
But now that ships may run 200 miles between noon and 
sunset on a summer’s day, and considerably more between 
sunset and sunrise on a winter’s night, it is necessary to 
know the position as often as possible, and strict orders 
are issued to the officer of the watch in Atlantic liners 
to omit no observation by which the ship’s position may 
be determined. 

Hence observations of the moon, the planets, and the 
stars are becoming of more frequent occurrence. One 
great advantage of observations of the moon is that it is 
frequently to be seen after sunrise or before sunset, and 
the position can be, therefore, readily fixed by simul¬ 
taneous observations of the sun and moon (Sumner). 
Observations of the planets and stars can be made with 
•very great accuracy in the twilight, and afford most satis- 
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factory results. There is, however, in the minds of many 
mariners an ill-defined idea that any problem not de¬ 
pending on the sun is too difficult to be meddled with. 
But so great a practical authority as Captain Lecky, in 
“Wrinkles on Navigation,” says : 

“ For four or five months of the year navigation in our 
own latitudes is a much less ticklish affair when the stars 
are brought into action. In most cases they can be 
selected on or nearly on the prime vertical during twilight, 
and will therefore give a very reliable longitude.” 

The object of the present tables is to render Sumner’s 
method applicable to the moon and planets in all 
cases, and to such bright stars as lie up to 30° of de¬ 
clination. The stars tabulated on page vii. of the pre¬ 
face are practically all available for longitude, and nearly 
all for latitude also. 

The moon for about two-thirds of each month lies within 
the limits of “ Burdwood and Davis,” but for the remaining 
third it lies outside ; and, as an example of a planet, 
Mars in 1896 has a higher northern declination than 23° 
from October 3 onwards. 

When it is considered that the simultaneous observa¬ 
tion of the sun and moon, already referred to, is admitted 
to be of great practical use even by those who are 
sceptical as to the general utility of observations of the 
moon, tables which permit Sumner’s method to be ap¬ 
plied to the moon at all times, at once establish their 
practical utility ; and further, referring to the above- 
quoted opinion of Captain Lecky, it is to be remarked—- 

“ That it is the very stars between 23” and 30° of de¬ 
clination (same name as latitude) which are particularly 
suitable for observation on the prime vertical, for the 
. reason that in our latitudes such bodies have at the time 
a convenient altitude, whereas those of lower declination 
are too near the horizon when they have a bearing due 
east or west.” 

In this case again the practical value of the tables is 
obvious. 

A somewhat interesting illustration of the value of 
observations of the stars is given in an article in the 
Nautical Magazine (June 1896). The article treats of 
the cross-currents said to be experienced in the Red Sea. 
Their existence was inferred from the discrepancy often 
noticed in the position of a ship as obtained from a.m. 
or p.m. observations of the sun. Recently, however, it 
has been considered that the discrepancy arises from the 
abnormal refraction experienced in the Red Sea, by 
means of which the position of the horizon is altered 
sufficiently to account for large errors in longitude. 

In order to endeavour to settle the question numerous 
observations have been made, and the results tabulated. 
In a report on the subject by the Hydrographer of the 
United States, giving a detailed account of what has been 
done, the following paragraph occurs. 

“ The good agreement obtained between the results 
of the observation of dawn and twilight stars shows that 
excessive refraction is less frequent at those hours than 
at other hours of the day.” 

Tables, therefore, which tend to promote and simplify 
observations of the stars, when a ship is traversing a sea 
so full of dangers to navigation as the Red Sea has 
shown itself to be, should prove to be a boon. 

In “Burdwood and Davis” the arguments are latitude, 
declination, and time. In the present tables “altitude” 
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takes the place of “ time ” in the principal table. Table B 
is of use in the case of observations made when the 
altitude is greater than 55°, or is within 2° of the meridian 
altitude, the change in altitude being then so slow in 
comparison with the change of azimuth that it can no 
longer be regarded as a suitable argument. Table B is 
also of use in Sumner’s method when an observation is 
made near the meridian, and the latitude calculated with 
an assumed longitude. 

The use of altitude as an argument gives somewhat 
less minute results than the four-minute intervals, but 
there are great compensating advantages. The hour 
angle of the sun (or ship apparent time) is very readily 
found ; but to find the hour angle of the moon, a planet, 
or a star, is a much more complicated matter. It in¬ 
volves a knowledge of ship time, right ascension of the 
sun, and right ascension of the body, presenting in 
addition a somewhat puzzling variety of cases. But the 
altitude of a star, &c., can be accurately observed in a 
few moments in the twilight when latitude or longitude 
is required, and can be observed with quite sufficient 
accuracy at any time, when visible, for the purpose of 
obtaining the azimuth or true bearing. 

And this leads on to the second reason for the publica¬ 
tion of these tables. 

The process of observing the compass bearing of a 
bright star has been of late years very much facilitated 
by the introduction of Lord Kelvin’s compass, so that 
the mariner has now the means of obtaining the error of 
his compass and of checking his deviation table at any 
time of the day or night when any of the heavenly bodies 
are visible. Here again we may quote Captain Lecky, 
who says : “ It is perfectly wonderful how few men avail 
themselves of the stars on a fine night to see how their 
compasses are behaving.” These tables, with the simple 
argument of a fairly correct altitude in place of a com¬ 
plicated hour angle, should render the practice of star 
observations for compass error as frequent as they are 
simple. 

Such observation would appear to be most useful to 
the navigating officer of a ship of high speed, who may 
find that the variation has altered several degrees be¬ 
tween sunset and sunrise. For example, in a ship 
steaming in the direction of New York, from latitude 
45° N., longitude 60° W., it would be found that the 
variation had altered about 8° in a run of 300 miles, a 
distance that might very easily be traversed between 
such times as the sun was available for observation. It 
must therefore be of great assistance to the navigator 
that he should have a certain means of checking his 
compass error, not by the sun only, but by any heavenly 
body, of suitable and easily ascertained altitude, that 
may be visible. 

Example iii. shows very clearly the value of the pro¬ 
cess (Examples i. and ii. showing the use of the tables 
as an aid to Sumner’s method in the case of the stars 
and moon). 

The methods for determining compass error show con¬ 
tinual development. Formerly it was found by amplitude 
only, i.e. by the azimuth of the sun when its centre is on 
the horizon. 

But, on account of refraction, the sun’s centre appears 
to be about a diameter above the horizon when it is 
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really on it, and the correct position has to be guessed at. 
This never could be very satisfactory, and, in high lati¬ 
tudes with sun’s declination of the same name, it is 
absolutely useless, as, owing to the small angle made by 
the path of the rising or setting sun with the horizon 
(cos - 1 Jsin latitude . sec declination}), the sun’s azimuth 
may change several degrees while the altitude changes 
half a degree, so that it is practically impossible to 
estimate with any approximation to accuracy the correct 
amplitude ; and when the sun’s declination is greater 
than the co-latitude, the sun does not set at all. 

Amplitude tables appear in all collections ; but they 
might very well be dispensed with now that the compass 
error can be obtained with accuracy at any time of the 
day and night with the aid of “ Burdwood and Davis,” 
and the present extension to higher declinations. 

In conclusion, a word of praise may be given to Messrs. 
Longmans for the clear and distinct manner in which the 
tables are printed. F. C. Stebring. 


CA VERNS AND THEIR INHABITANTS. 

Lcs Cavernes et leurs Habitants. Par Julien Fraipont. 

Fcap. 8vo, pp. viii + 334. (Paris : Bailliere et Fils, 

1896.) 

'"T^'HE exploration of caverns during the twenty years 
-L which have passed since the publication of “ Cave 
Hunting,” has been carried on with an ever-increasing- 
interest in various parts of the world. In France M. 
Martel has proved, by his adventurous descents into the 
abysses of these great laboratories of nature, that there 
is a charm in exploring them, similar to that which attracts 
the traveller to the highest summits of the mountains. 
If any one doubts this, let him read “Les Abimes,” where 
he will find a tale of descents into the principal European 
caverns that will remind him of the Alpine Journal turned 
upside down. In Central America the “ Hill Caves of 
Yucatan” have allured Mr. Mercer to an expedition, the 
results of which have been recently published with 
admirable photographs. Here, as generally if not uni¬ 
versally in the American caves, we look in vain for any 
traces of man older than the ancestors of the Indian 
tribes. In the book before us Prof. Fraipont, who had 
already made his mark as one of the discoverers of the 
human remains in the cave of Spy, deals with the 
general questions shortly and popularly, and with ample 
illustrations. 

Our author treats, in the first place, the physical history 
of caverns, and divides them into those that have been 
formed by water and those which are of volcanic eruptive 
origin. In the first of these groups the caverns formed 
by the mechanical action of subterranean waters, com¬ 
bined with the chemical action of the carbonic acid in 
the water itself, are rightly separated from those formed 
by the erosive attack of the sea. The second group 
consists of those formed by the flow of liquid lava from a 
lava stream, after the upper parts and sides have cooled 
into the solid rocky condition. Caves of this sort are 
found in most volcanic areas, and notably in the island of 
Reunion and in Southern Italy. Prof. Fraipont classes 
with these the basaltic cave of Staffa, obviously the 
result of the attack of the waves on a line of weakness in 


the prismatic basalt. It is a sea cave pure and simple, 
and has no place in this group. 

Prof. Fraipont, as might naturally be expected, passes 
by the present fauna of the caverns with a brief notice : 
the blind insects, the blind fish ( Amblyopsis ) of Kentucky 
and ( Lucifuga) of Cuba, the blind Proteus of Carniola, 
and the large-eyed rat (Neotoma) of Kentucky that sees 
indistinctly. All these, so important from the light which 
they throw on the effect of the environment on their 
organisation, have no special interest in a work mainly 
given to the story of man in the Pleistocene caverns. To 
this we shall devote the rest of this review. 

The Pleistocene caverns are treated from the usual 
standpoint of the French archaeologist, and are divided into 
three groups, according to the alleged differences in the 
fauna and the occurrence of certain types of implements. 
(1) Those of the period of Elephas antiquus and Rhi¬ 
noceros merckii , or the Chelles period ; (2) those of the 
period of the mammoth and Rhinoceros tichorrhinus , or 
that of Moustier ; and (3) those of the reindeer period. 
This classification is founded on the assumption that these 
mammalia and implements are characteristic of each 
division. Some animals preponderate in some caverns, 
and others in others, according to their habitat, and also 
according to the selection made by the hunters, who 
could kill, say, the reindeer more easily than the mammoth. 
As a matter of fact the study of the Pleistocene strata 
in France, as well as in Germany, Belgium and Britain, 
proves that all the above animals belong to one fauna in 
Pleistocene Europe. All have been found side by side in 
the gravel beds, for instance, on the banks of the Ouse at 
Bedford. The fact that the reindeer folk hunted the 
mammoth, as well as the rhinoceros, in France, is proved 
by the incised figures left behind as memorials of the 
chase. The differences in the implements, with the ex¬ 
ception of the first, are probably local and due to tribal 
isolation, or to the scarcity or abundance of the materials 
for implement-making. The only two clearly-marked 
divisions, applicable to the whole of Europe, are (1) the 
Chelles period or that of the river-drift, and (2) that of 
the two latter of Mortillet (if Solutre be included, three) 
or that known to English archeology as that of the 
cave-men. 

Human implements have been repeatedly met with in 
various caverns in France and Britain, and in the lower 
strata of Spy, in Belgium, which belong to the River-drift 
time ; but with the exception of a solitary molar, found in 
one of the caves in the valley of the Elwy, no human 
remains have been discovered. It has been the good 
fortune of Profs. Fraipont and Lohest to find, in the 
cave of Spy, the first human skeletons, which belong 
beyond doubt to the cave-men, and are sufficiently 
perfect to allow of our arriving at a conclusion as to 
their physique. They are small with short arms and 
legs, and with a prognathous skull with low forehead, and 
enormous orbits overhung by strong superciliary ridges, 
with broad, strong cheek-bones, and with a long vault, 
similar to that of the skull of Neanderthal. They had small 
canines, and thigh-bones round in section, and without 
trace of platycnemism. Without accepting our author’s 
view that they represent a “ race humaine h caracteres 
ethniques le plus mferieures que nous connaissons,” we 
may conclude that they represent a family group of a 
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